During the night of 23-24 January 2009, Storm Klaus hit south-western France and caused power outages affecting 1,700,000 homes and stopping numerous pumping and drinking water disinfection systems. In France, medicalized acute gastroenteritis (MAGE) outbreaks are monitored by analysing the daily amount of reimbursements of medical prescriptions, registered in the French National Health Insurance database, at the 'commune' administrative level. As AGE is suspected to be associated with perturbations to water supply systems as well as power outages, Storm Klaus provided an opportunity to test its influence on the incidence of MAGE in the communes of three affected French departments (administrative areas larger than communes). The geographical exposure indicator was built by using the mapping of the water distribution zones, the reported distribution/production stoppages and their duration. Irrespective of exposure class, a relative risk of MAGE of 0.86 (95% confidence 0.84-0.88) was estimated compared with the 'unexposed' reference level. Although these results must be considered with caution because of a potential marked decrease in global medical consultation probably due to impassable roads, they do not suggest a major public health impact of Klaus in terms of increased MAGE incidence. P. Pirard diarrhoea outbreak in Milwaukee in 1993, caused by Cryptosporidium oocytes, was associated with a decrease in the efficiency of the filtration system (MacKenzie et al. ; 737 © IWA Publishing
INTRODUCTION
As an indirect result, the misuse of fuel-powered generators resulted in four fatalities from carbon monoxide poisoning (Coquet et al. ) . The power outage affected 1,700,000 homes. It took over a week to restore power to every household. This blackout also heavily impacted the local drinking water supply systems by preventing pumping as well as drinking water disinfection and leading to production or distribution stopping (Figure 1 ). Power outage was by far the main cause of disruption. The rainfalls were of 20-30 mm according to location during these 2 days, which is not exceptional and mentions of water distribution systems with flooded intake points were very rare ( Figure 1) .
One of the most significant impacts of windstorms on infrastructure is the loss of electricity (Goldman et al.
) and storms can contribute strongly to the deterioration of the quality of water (Lee et al. ) . Reduced levels of hygiene and sanitation, due in part to the lack of electricity and water, can result in higher rates of infection (Shultz et al. ; Goldman et al. ) . Furthermore, acute gastroenteritis (AGE) is associated with perturbations to water supply systems as well as power outages. For example, a 
MATERIALS AND METHODS

Health data
Health data were collected from the French National 
Exposure data
For this study, the geographical exposure indicator was built by using the mapping of the water distribution zones (DZs) by the regional health authorities. Immediately after Klaus, local services of the health ministry in charge of water quality monitoring were contacted and asked to report any disruption to water systems. They were also asked to record the name of the DZ, any water distribution and water production stops, the duration of such stops, the notification of any flooded and polluted catchment areas, as well as any pollution of distributed water. Any corrective actions undertaken also had to be reported. Structural information about DZs was drawn from the SISE-eau national database: DZ name, location (communes covered) and the size of the serviced population. The regional health agency database was used as it contains the geographical coordinates of all DZs.
Definition of exposure and AGE health indicators
AGE epidemics associated with water consumption may be caused by numerous pathogens. The incubation periods vary from 1 day (norovirus) to 10 days and more (Cryptosporidium sp.). Disruptions of the water distribution systems lasted from 1 day to 4 days following Storm Klaus. We therefore considered that a 14-day period after Klaus (hereafter 'Klaus days') took adequate account of the onset of AGE symptoms due to exposure to waterborne faecal pathogens which could result in general practitioner (GP) prescriptions and visits to pharmacies. A proxy of exposure to possible deterioration of water quality was defined using the data on reported disruptions to the water supply systems. This indicator was chosen because of the good availability of this data throughout the targeted territory.
Five classes of decreasing exposure were defined, according to the potential health impact they may have had: water distribution stopped for more than 1 day, water distribution stopped for 1 day or less, water production stopped for more than 1 day, water production stopped for 1 day or less, water distribution not reported as exposed.
The discrimination algorithm and the patient's postcode allowed us to identify the number of cases of MAGE per day per commune. Exposure data were available at the DZ level.
We reassigned all communal populations and MAGE cases to the DZs.
In France, population distribution at the commune level is available in geocoded areas of 40,000 m 2 . Overlapping the surface of those squares with the surface of the corresponding DZs allowed us to estimate the proportion of the population of a commune supplied by different DZs. Most of the communes were completely included in a single DZ and so the populations of these communes were assigned to this DZ. A few communes were supplied by more than one DZ. In this case, if the DZs concerned shared the same class of exposure (¼level) they were combined to create a new virtual DZ (mega-DZ ¼ aggregated DZ) covering that commune. For DZs which had different exposure levels, the DZ that supplied water to the largest proportion of its population was assigned for the whole commune.
For this study, the health outcome was the daily number of cases of MAGE per retained DZ and mega-DZ of the three departments (remembering that a department is comprised of several communes).
STATISTICAL MODELLING Spatiotemporal modelling of AGE
We used a spatiotemporal regression model to assess the risk both of MAGE associated with a Klaus day and of residing in an exposed DZ where water distribution or production had stopped.
We used the spatiotemporal model introduced by Ber- 
The long-term temporal trend was modelled using a linear function. Seasonality was modelled using trigonometric functions with w ¼ 2π/365. To take into account periodicities greater than 2 months, k was defined as less than or equal to 6. The parameter ϕ represents an overall 
RESULTS
Almost all the disruptions to DZs were caused primarily by the power shutdown. Only two water catchment facilities supplying two DZs were reported flooded while pollution was reported in two other DZs (Figure 1) . 
The spatiotemporal model
We observed 224,751 AGE cases during the study period in the 85 DZs not exposed to Klaus and 246,678 in the 143 exposed DZs. The number of DZs and the number of observed MAGE cases by exposure class are presented in Table 1 .
The results of the statistical analysis are provided in 
